





































 		 -/. -0&
 	  		 1


















   . 2.44%%%%   
4
 
             
     !      " #     
   "
 










 %  2  
    " 9 :;<     	  " 2 $
 "	   
 
  
      
 	   







5        =
  
   




   " 
 2  
 
5  :  ?-    
 %    





! 	  















   227 % 	    
   
   
 B  
 "   
 













 % 2  
  
  22     	
 	
 
     2  %    7 %  	 " 
?-    " 	    
 




7   >	 
 	  	 
   -2  
 
7  	 






   	
< θ̄ ∈ W 2,∞(0, L)3 , L > 0 7  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 B 
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 "     2 
 x3 ∈ [0, L] %   	 θ̄ 7
% =
    
" 

F : Ω = ω× ]0, L[→ F (Ω) = Ω̂ ⊂ IR3 ,
F (x̄) = F (x1, x2, x3) = θ̄(x3) + x1 n̄(x3) + x2 b̄(x3)
∀ (x1, x2) ∈ ω , ∀ x3 ∈]0, L[ . ()
!
  "% 
7 % %  
  C 
 " F 7 J = ∇F 7 
    
7 J(x̄)−1 =




n1 − c t1x2
det J(x̄)
n2 − c t2x2
det J(x̄)




















det J(x̄) = 1 − β x1 − a x2 . (+)
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 
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  "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 
   :
"    
  F	- " 
 >	  G	 C1[0, L]3 	 
" θ̄  5 H 
 a, β, c ∈ L∞(0, L) 22 
  
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 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 
 "  
J.
t̄′(x3) = a(x3) b̄(x3) + β(x3) n̄(x3) ,
b̄′(x3) = −a(x3) t̄(x3) + c(x3) n̄(x3) ,
n̄′(x3) = −β(x3) t̄(x3) − c(x3) b̄(x3) . (0)
  	    
 " -  
 ω ⊂ IR2     




x1 dx1 dx2 =
∫
ω
x2 dx1 dx2 =
∫
ω
x1 x2 dx1 dx2 , (1)
%    		  
   	 
 	 7  6E8 !"    " ω  
	H 
 7 
 |x1|, |x2|  7 
  
 β 
 a  	
 

[0, L] 7  
 (+) %  %  	 
det J(x̄) ≥ K > 0 ∀ x̄ ∈ Ω . (E)
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 	  Ω̂ ⊂ IR3 7 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Ni(x3) h1i(x̄) + Bi(x3) h2i(x̄) + (τ
′







Mj(x3) h1j(x̄) + Dj(x3) h2j(x̄)
+(μ′j(x3) + x1 M
′











Ni(x3) h1j(x̄) + Bi(x3) h2j(x̄) + (τ
′





i(x3)) h3j(x̄) + Nj(x3) h1i(x̄) + Bj(x3) h2i(x̄)
+(τ ′j(x3) + x1 N
′






Mi(x3) h1j(x̄) + Di(x3) h2j(x̄) + (μ
′





i(x3)) h3j(x̄) + Mj(x3) h1i(x̄) + Dj(x3) h2i(x̄)
+ (μ′j(x3) + x1 M
′











Ni(x3) h1i(x̄) + Bi(x3) h2i(x̄) + (τ
′







Mi(x3)h1i(x̄) + Di(x3) h2i(x̄)
+(μ′i(x3) + x1 M
′














 μ̄ = (μ1, μ2, μ3) , M̄ = (M1, M2, M3) , D̄ = (D1, D2, D3)  

H10 (0, L)
3    v̄ = (μ̄, M̄ , D̄) ∈ H10 (0, L)9 7 
 ȳ = (τ1, τ2, τ3, N1, N2, N3, B1,
B2, B3) ∈ H10 (0, L)9     "  	
'
%
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 H10 (0, L) 7 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2 	  5
 ()   	 "   




 ȳ   "
ȳ(x̂) = τ̄ (x3) + x1 N̄(x3) + x2 B̄(x3) , ∀ x̂ ∈ Ω̂ , (A)
%  x̄ = (x1, x2, x3) = F
−1(x̂) ∈ Ω  $    "    2 "   "	
 

! 	 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  τ̄  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 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   N̄ + n̄ , B̄ + b̄ 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7  7  θ̄′ + τ̄ ′ ) 5  % "  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 5  f̄ = (f1, f2, f3)
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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K
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fi(x̄) [τi(x3) + x1 Ni(x3)
+ x2 Bi(x3)] det J(x̄) dx̄} (+)
	G    






i(x3)] h3j(x̄) = Uij(x̄)  
 Ω ,
(+)
Ni(0) = Bi(0) = τi(0) = 0 , i = 1, 3 , (++)





U = {Uij}i,j=1,3 ∈ V ⊂ L2(Ω)9 . (+0)
M7 V      
 	2    






 	 ( 7 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i , i = 1, 3  5
 Ni, Bi 


















    x3 ∈ [0, L] 7
%  (x1, x2) ∈ ω 22  2 5 
 
 {Uij}i,j=1,3 ∈ V 
	
0
 (+)   	
 >	 	 
    =
τi(L) = Ni(L) = Bi(L) = 0 , i = 1, 3 . (+1)
N
 	  2 (+1)    
 
  
  2 (+);(++)7 	 %
2"   2    
 (+0)7 %    -2   
 
	 
  	  	
   
 (+);(++)   	 	
 	
U∗ = {U∗ij}i,j=1,3 ∈ V  [τ ∗i , N∗i , B∗i ]i=1,3 ∈ H10 (0, L)9 

 < L(U) 




























% α > 0 , c̄ > 0 7  

  














 zi := τ
′
i + x1 N
′















[Ni h1i + Bi h2i + zi h3i]













































2 dx3 . (+)
M7  
  		 "  

 ĉ > 0 7 %  	  hij ∈ L∞(Ω) , i, j =
1, 3   22  




































[τ ′i + x1 N
′




























































%  c̃ :=  
 {(ω) , ∫
ω
x21 dx1 dx2 ,
∫
ω











≥ č > 0  
 Ω . (+)
P 
 (+)7 (+)   
>	
































% ĉ, Ĉ, c̄   2   

   
 2
 
 τi, Ni, Bi, Uij , i, j =
1, 3 
   	 
























∀ τi, Ni, Bi ∈ H10 (0, L) , i = 1, 3  	  (+) 

















2 dx3 ≥ 0 .
$	  (+)   " 5
7  
 ε > 0    Uε = {Uεij}i,j=1,3 ∈
V 7 





|τ εi |2H10 (0,L) + |N
ε











2 + (N εi )




















2 dx̄ ≥ 0 . (++)




|τ εi |2H10 (0,L) + |N
ε












  = 
   " (++) 5
 %  	 
τ εi → τi , N εi → Ni , Bεi → Bi , i = 1, 3 ,
%'  





*7   	 "   >	 
 (+)7 %    Uεij → Uij %'
 
 L2(Ω) 7 
  	>	
 $7 {τi, Ni, Bi}i=1,3  "  %  {Uij}i,j=1,3
>	 
 (+)7 %  {Uij} ∈ V 
@ 
       













2 dx = 0 . (+0)
 (+0)   "% 
Ni h1i + Bi h2i + zi h3i = 0 , i = 1, 3 , (+1)
Ni h1j + Bi h2j + zi h3j + Nj h1i + Bj h2i + zj h3i = 0 , i = j . (+E)
% =- j = j0  
 (+E)7 








 	 2 (+1)7 % 
 " i = i1  i2 7  h3j0 7 
 	  	 "
(+E) %  j = j0 7 	 2   h3i1 7 2 7 h3i2  $ 
  	  
 
 (+1)7 % 
 " i = j0 




h23i = Γ̃j0(N̄ , B̄) , j0 = 1, 3 , (+)
% Γ̃j     
 -2 
 " N̄ , B̄   ()7 %  
 " (+) 
τ ′i + x1 N
′
i + x2 B
′
i = Γi(N̄, B̄) , i = 1, 3 , (+A)
%7  
7 Γi    
  
 N̄ , B̄ 
,  
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    2 










 " {τ εi , N εi , Bεi }i=1,3   
  




 %   =  
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 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0 ≥ ĉ > 0 .
5  
  2" "  

    	  < {Unij}i,j=1,3 





 V × L2(0, L)9 "  2 (+);(+0) D7 L(Un)
  G B " 7 
  
>	  (+) %  {τni , Nni , Bni }i=1,3  
	
  
 H10 (0, L)
9  D
>	
7  (+)7 {Unij}i,j=1,3   	
  
 L2(Ω)9 
< {τ ∗i , N∗i , B∗i }i=1,3 
 {U∗ij}i,j=1,3 
   2  %'   7 
  	 
>	
 D {U∗ij}i,j=1,3 ∈ V 7  
 V      
 	2 %7 % 

2       
 (+) 
 	  %' %  
 
	  " (+)  
	
 {τ ∗i , N∗i , B∗i }i=1,3 
 {U∗ij}i,j=1,3  
  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 "  
- 	 
 " (+)
    	
  {τ ∗i , N∗i , B∗i }i=1,3 	  	 	   





 {Vij}i,j=1,3 ∈ V 7 % =
    
   
 
Mi(x3) h1j(x̄) + Di(x3) h2j(x̄) + [μ
′





i(x3)] h3j(x̄) = Vij(x̄) , i, j = 1, 3 , (+)
Mi(0) = Di(0) = μi(0) = 0 , i = 1, 3 . (+)
A
-7 % 2"      
 	  2  2 7  
 
{τ ∗i , N∗i , B∗i }i=1,3 + λ{μi, Mi, Di}i=1,3 , 
 {U∗ij}i,j=1,3 + λ{Vij}i,j=1,3 , λ ∈ IR .
&	 
    7    
  λ > 0  λ < 0 7 
 ' 
 
    λ → 0 7   


































fi [μi + x1 Mi + x2 Di] det J dx̄ ,
∀ {Vij}i,j=1,3 ∈ V . (+)
!"  Vij  2   
 (+)7 (+)7 
  U
∗




 %  (+)  ()7 %    '
%










 " ()7 
 






h1j bj = 0 ,
3∑
j=1
h3j bj = 0 ,
3∑
j=1
h2j bj = 1 , (+)
3∑
j=1
h1j nj = 1 ,
3∑
j=1
h2j nj = 0 ,
3∑
j=1
h3j nj = 0 , (++)
3∑
j=1


























i  nj (2 
 7 bj , tj ) 
  
 " j = 1, 3 7 %  









U∗ij nj , i = 1, 3 , (+E)

(τ ∗i )
′ + x1 (N∗i )




U∗ij tj det J(x̄) +
3∑
j=1




U∗ij bj c x1 , i = 1, 3 . (+)
5	7  
 
 (+)  [0, x3] 7 
 	 
 (+1)7 (+E)7 %  
-2   "	 " {τ ∗i }i=1,3 7 %  2  
  
  (+1)7 (+E)
 < 	 
  Li(Uij)    

















[τ ′i + x1 B
′














fi(x1, x2, ρ) det J(x1, x2, ρ) dρ dx̄ .
!
   %7  2  







 V ⊂ L2(Ω)9 7  
    
2   
 "   M%7 
   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